
OVERVOLTAGE. *: 
BY PROFESSOR J. W. RICHARDS (LEHIGH UNIVERSITY). 

DISC USSI 0 N .  

(Held on Wednesday, November 26, 1913, MR. W. R. BOUSFIELD, M.A., K.C., 
VICE-PRESIDENT, in the Chair.) 

Dr. A. J. Allmand (communicated) : I fail to see exactly what Professor 
Richards has proved in his Paper. The experimental results could of course 
have been predicted with certainty beforehand. With an arrangement such 
as he employed, in which presumably hydrogen and oxygen were the sole 
products of electrolysis, no ozone or other oxidizing material being formed 
and concentration changes being negligible, then with an excess of heat 
produced irreversibly in the cell, the chemical work done by the current must 
necessarily correspond to the total energy change associated with the com- 
bination of hydrogen and oxygen to form liquid water (present as dilute 
sulphuric acid), and this, as Professor Richards points out, means a consump- 
tion of 1-48 to 1.49 volts (heat of reaction per gram-equivalent about 34,180 
calories). Energy corresponding to 1-23 volts is absorbed in the reversible 
decomposition of the solution, and energy corresponding to 0.25 to 0.26 volt 
taken up directly as heat from the cell, If it were not for the heat produced 
in the electrolyte and (irreversibly) at the electrodes, the cell mentioned would 
cool during the electrolysis, and the volts absorbed would be considerably less 
than his theoretical value of 1-49. Nor do his results shed any light on the 
question of the nature of overvoltage-as to whether this complex phe- 
nomenon is due merely to ohmic resistance, as he suggests, or whether it is 
associated with the doing of chemical work, followed by the degradation of 
the chemical energy to heat energy. The balance of evidence at present, 
more particularly work done in Foerster’s laboratory at Dresden, appears to 
me to favour the second hypothesis. 

In any case, the ‘‘ practical” decomposition voltage, which Le Blanc is 
presumably referring to in the passage mentioned, should be sharply dis- 
tinguished from the “ reversible ” decomposition voltage. And this last value 
corresponds to the change in free energy, not the change in total energy, as 
Professor Richards has it. 

Mr. U. R. Evans: Three assumptions seem to have been made by 
Professor Richards and some other recent contributors on this subject, which 
appear to me unwarranted :- 

(I)  That overpotential is a unique phenomenon, requiring a special 
explanation, and finding no analogy in general chemical experience. 

(2) That overpotential involves necessarily some irreversible electrodic 
change. 

(3) That overpotential is essentially a wasteful factor, economically to be 
regretted. 

* This Paper was published in the TRANSACTIONS (vol. ix., parts I and 2) issued 
in July, 1913, supra p. 140. 
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OVERVOLTAGE 

It seems best to view the position in this way. Imagine a bright platinum 
cathode immersed in normal sulphuric acid, and suppose the p.d. to be 
depressed (made more cathodic) by the application of an external e.m.f. 
When the p.d. reaches 0’0 volts it may be supposed that, in a state of 
equilibrium, the platinum is saturated with hydrogen at atmospheric pressure. 
If the p.d. is made slightly negative (more cathodic still) the electrode must 
become supersaturated with hydrogen. The evolution of the gas in bubbles 
does not necessarily commence. If the arrangement is favourable the 
liberation of hydrogen by dz~usion through the electrodes may occur, but 
the formation of bubbles will require a considerable degree of supersatura- 
tiun, which can only be obtained by making the p.d. appreciably more 
negative than 0.0 volts. The amount of this excess p.d. (overpotential) varies 
between - 0.01 volts for black platinum and - 0.7 volts for mercury ; it is 
greater in the case of smooth electrodes than rough, bright platinum showing 
an overpotential of - 0.08 volts. 

Qualitatively a complete analogy is shown in the non-formation of steam- 
bubbles in water heated above I O O O C .  If air-free water is heated to IOOO C., 
the vapour pressure becomes equal to I atmosphere. When it is heated 
above that temperature, the vapour pressure exceeds I atmosphere, but in 
general ebullition does not commence. The amount of superheating needed 
to start bubble-formation varies with the material of the containing vessel, 
and particularly with the nature of the surface, being greater for smooth than 
for rough vessels. The analogy between superheating and overpotential is 
qualitatively complete, and it at once suggests itself that the same explanation 
would hold in both cases. Superheating is believed to be a surface tension 
effect, connected with the fact that minute bubbles are-on account of their 
very great surface energy-very unstable things. The work of Moeller has 
shown a very close connection between the surface tension of the several 
measurements (measured against hydrogen) and the overvoltage needed for 
the production of hydrogen bubbles on these metals. I t  would appear 
therefore that the two phenomena are to be explained in a similar way. 

The only real objection urged against the surface-tension view of over- 
potential is that the amount of electrodic supersaturation required to explain 
overpotential is very large compared to the excess value of the vapour 
pressure needed for ebullition in a liquid. This, however, will be understood, 
if a comparison is made between the two cases. Supposing that a minute 
bubble of steam does commence to form in superheated water, it will grow 
very quickly, passing almost instantaneously through the range of unstable 
dimensions; for it is surrounded on all sides with pure water ready for 
passage’ into the gaseous condition. But if a minute bubble of hydrogen 
begins to form upon a supersaturated electrode, it will grow less readily ; for 
the electrode at this point-if composed of a material in which hydrogen is 
not very soluble-may actually cease to be supersaturated long before the 
bubble has reached finite ( ie . ,  stable) dimensions. Thus the amount of 
supersaturation needed for bubble-formation will have to be large. 

If the liberation of hydrogen by dzfusion be prevented, there seems n o  
reason to think that the hydrogen in the supersaturated electrode is out of 
equilibrium with the hydrogen of the acid. The hydrogen in the electrode i s  
of course out of equilibrium with the gaseous phase above the liquid, which 
probably contains no hydrogen at all. But at the electrode surface equili- 
brium is quite possible, and Nernst’s equation-suitably modified for the high 
degrees of supersaturation involved-can be applied. The supersaturation of 
an electrode with hydrogen is usually a perfectly reversible change. I n  some 
instances of oxygen-discharge at anodes, investigated by Luther and others, a 
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312 OVERVOLTAGE 

permanent change is produced in the anode by the oxygen, and the p.d.- 
current curves obtained (I) with increasing, (2) with diminishing p.d. are not 
congruent. 

The idea that overpotential is necessarily an influence making for wastage 
of energy is quite erroneous. Various reductions which cannot be brought 
about by hydrogen under atmospheric pressure (whatever catalyst is used) 
become perfectly possible at an electrode saturated many thousand times 
over with hydrogen gas. In  bringing about an electrolytic reduction of a 
difficultly reducible liquid a cathode material is selected having a high 
overpotential, and thus a hydrogen pressure of thousands-possibly millions 
-of atmospheres is obtained, and reduction effected. 

Apart from these considerations, Professor Richards’ experiments do  not 
seem conclusivc. They are interpreted as proving that there is in the cases 
under examination no chemical action due to overpotential ; the energy 
consumed through overpotential is accounted for in the heat-evolution. What 
is really proved is that there is no lasting chemical effect. It is, however, 
quite possible that at those electrodes where the p.d. is depressed or elevated 
through overpotential, endothermic modifications of hydrogen and oxygen 
may be temporarily formed. If these are dccomposed (yielding the ordinary 
0, and H,) before the bubbles pass out of the electrolytic cell, which is being 
used as a calorimeter, the energy previously absorbed in chemical work will 
be regenerated as heat. The intermediate stage will not be recognized in the 
thermal measurements. 

Professor J. W. Richards, in reply, states that his Note on “ Over- 
voltage” had for its prime object to prove experimentally that the net 
decomposition voltage disuppeariizg in an electrolytic cell was independent of 
overvoltage, and dependent only upon the net chemical change resulting 
from the passing of the current. He believes that his experiments, as far as 
they went, proved this principle. As to what becomes of the overvoltage, 
how or by what mechanism or sequence it finally appears as heat, is a field 
for theory or speculation, in which many minds may propose many explana- 
tions. If, under any circumstances, a back e.m.f. can be shown to occur 
equal to the net decomposition voltage plus the overvoltage, then his 
hypothesis of overvoltage being of the nature of a surface resistance caused 
by the adhesion of gas bubbles to thc electrode would be untenable, and an 
explanation such as that of Dr. A. J. Allmand would appear more applicable. 
At any rate, one principle must be borne in mind, viz., that the voltage repre- 
senting the chemical work done (net decomposition voltage), and which is 
the minimum voltage necessary to initiate and to continue an electrolytic 
operation, is a function of the net  chemical energy change resulting from the 
passing of the current, and is not conditioned by the voltage of any inter- 
mediary or component reactions into which the net chemical reaction may 
be analysed. 

But such cases are to be referred to I‘ passivity.” 
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